Restoration of enzymatic activity in a Ser-49 phospholipase A2 homologue decreases its Ca(2+)-independent membrane-damaging activity and increases its toxicity.
Ammodytin L (AtnL) is a Ser-49 secretory phospholipase A2 (sPLA2) homologue with myotoxic activity. By analogy to the Lys-49 sPLA2 myotoxins, AtnL has been predicted to be enzymatically inactive due to the absence of the conserved Asp-49 that participates in coordination of the Ca2+ cofactor. By substituting Ser-49 and three other residues in the Ca2+-binding loop of AtnL, we obtained the first two enzymatically active mutants of Lys-49/Ser-49 sPLA2 homologues. The mutants LW and LV, which differed only by the presence of Trp and Val at position 31, respectively, efficiently hydrolyzed phospholipid vesicles, while recombinant AtnL displayed no activity. In contrast to AtnL but similarly to ammodytoxin A (AtxA), a homologous neurotoxic sPLA2, both mutants exhibited catalysis-dependent membrane-damaging ability, involving vesicle contents leakage and fusion. However, LW and LV also exhibited the potent, Ca2+-independent disruption of vesicle integrity characteristic of AtnL, but not of AtxA, in which leakage of the contents is not associated with membrane fusion. Although LV and, especially, LW have the advantage over AtnL of being able to act in both Ca2+-independent and Ca2+-dependent modes, and display higher cytotoxicity and higher lethal potency, they have a lower Ca2+-independent membrane-damaging potency and display reduced specificity in targeting muscle fibers in vitro. Our results indicate that, in evolution, Lys-49 and Ser-49 sPLA2 myotoxins have lost their Ca2+-binding ability and enzymatic activity through subtle changes in the Ca2+-binding network without affecting the rest of the catalytic machinery, thereby optimizing their Ca2+-independent membrane-damaging ability and myotoxic activity.